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WORK STATEMENT 


TITLE 


Relate air quality and other factors to comfort and health related symptoms reported by passengers and crew on 
commercial transport aircraft. 

BACKGROUND 


Symptoms such as eye irritation, headache, fatigue, dizziness, and nausea are reported on occasion by passengers and 
crew flying on commercial aircraft. These symptoms have often been attributed to poor cabin air quality. Several 
scientific investigations conducted by government agencies, independent research groups and airplane manufacturers 
have not been able to show elevated concentrations of contaminants or correlations between cabin air quality and the 
reported symptoms. However, contaminants potentially generated by the airplane bleed air system, such as volatile 
organic compounds (VOCs) and semi-volatile organic compounds (SVOCs), have not been measured on a sufficient 
number of flights to draw firm conclusions. In addition, the impact on air quality of aircraft age, maintenance practices 
and design/con figuration changes after the airplane is manufactured is not well understood. 

One of the first studies that explored (he relationships between measured air quality data and perceived symptoms on 
aircraft was ASHRAE research project 957-RP. The first bleed air contaminant research study was ASHRAE research 
project 959-RP. These two ASHRAE research projects were aimed at developing methodologies necessary for a 
comprehensive study of the effects of air quality and other factors on passenger and flight attendant comfort and health- 
related symptoms. This research project is the comprehensive study envisioned by the TC 9.3 Aviation Research 
subcommittee, utilizing ASHRAE research projects 957-RP and 959-RP as its foundation. This project will also evaluate 
effects of factors, such as aircraft types, maintenance, engine age and type, as weil as length of flights, on bleed and cabin 
air quality. 

The greater understanding of the causes and effects of all factors experienced in the airplane interior will be useful to 
ASHRAE and European Cabinair in supporting the development of air quality standards for commercial aircraft. The 
information on cabin environment factors will be useful to airframe manufacturers in future design for improving 
passenger and crew comfort. Furthermore, information on symptoms and their potential causes can be used by the 
medical community in educating their patients about the unique cabin environment. 

JUSTIFICATION OF NEED 

This research is needed (o support the development of ASHRAE standard SPC 16IP for air quality in transport category 
commercial aircraft in order to ensure that cabin air: l) is safe for flight crew and occupants; 2) minimizes the potential 
for adverse health effects; and 3) is comfortable to occupants (consistent with high-altitude travel). The airplane cabin 
environment presents a unique environment compared to other environments that most people will experience, the cabin 
pressure can be reduced to 8,000 feet above sea level, thus lowering the partial pressure of oxygen in the air; the humidity 
level drops to between 5 to 20%; the plane can fly across time zones, affecting a person’s circadian rhythm; (here is 
continuous three-dimensional motion, noise and long periods of inactivity. There are also variations in health status as 
well as factors such as alcohol consumption among passengers resulting in people being affected to different degrees by 
air travel. There are additional impacts on flight attendants due to the nature of their work, such as highly variable work 
schedules and schedules that include multiple short-haul flights per day or long-haul flights across multiple time zones. 

Standard developers need data to support decisions regarding the components and contaminants of air that are 
responsible for symptoms in humans, and to distinguish such effects from effects of such factors as age, cabin altitude, 
humidity, inactivity, duty schedules, stress and fatigue. A literature search of possible causal factors is necessary to 
develop a current understanding of symptoms caused by cabin air quality and to differentiate them from those caused by 
other factors. Understanding of the contribution to cab;n/bleed air quality from factors related to maintenance and engine 
age is necessary for better design and operation of the aircraft ECS systems. Similarly, the impact of ground air quality on 
cabin air quality needs to be understood. 

A common technique used for building air quality investigations is to correlate perceived symptoms with measured air 
quality constituents. This technique has only begun to be used on airplanes and standardized protocols to address such 
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objectives are not available. The European Cabinair research effort, utilizing questionnaires, will allow collection of 
such data. Some level of research coordination with that project will benefit this ASHRAE research project. However, 
there are some significant differences in the research designs. ASHRAE research will have an increased emphasis on 
bleed air contaminant measurements and will hand out questionnaires to passengers and flight attendants. Cabinair 
research is limited to questionnaires for flight attendants only and has a limited bleed air quality component. 


r; 

{ 


The results of this research project will provide an improved basis for developing cabin air quality standards. Results will 
also be of direct use to aircraft manufacturers in improving design and will provide the needed information for airlines 
regarding operating and maintenance practices. It will also serve to educate professionals from a variety of fields 
including engineers, physicians, operating personnel, aircraft crew and passengers in the U.S. and abroad. The study will 
also provide an improved basis for future legislative and regulatory actions. 


OBJECTIVES 

The principal aim of this research project is to relate perceptions of discomfort or health related symptoms of flight 
attendants and passengers to possible causal factors, including cabin and bleed air quality and other factors such as 
reduced air pressure, jet lag, inactivity, humidity, flight attendant duty schedule and fatigue, circadian rhythm, stress and 
noise. In particular, the following specific objectives are to be addressed in this project: 

1. Conduct a literature review of chemical and other factors associated with airplanes and flying that are known to 
cause symptoms in passengers or flight crew, such as eye, nose, throat and skin irritation, headache, 
dizziness/fainting, nausea, and-respiratory stress , irritancy and neurological symptoms. ? 

2. Measure and characterize contaminants in cabin air that are caused by engine bleed air in a variety of airplane types. 

3. Measure and characterize contaminants in cabin air that are not related to engine bleed air. 

4. Quantify the effect of aircraft type, maintenance, engine age and operations-related parameters on cabin and bleed atr 
quality 

5. Statistically relate the measured cabin air contaminants and other factors with reported symptoms among passengers 
and flight crew. 

It should be noted that objective I. the literature review, is in support of all reinainini; objecti ves, Qbi eetives 2 throug h 5 
will receive piintarv emphasis. 

Data will be collected on a sample of flights recording cabin and bleed air quality and other parameters. In parallel, 
perceptions of flight attendants and passengers will be recorded using questionnaires. The design of the study is to 
consider a variety of objective parameters such as aircraft type, air quality, cabin altitude, passenger load, length of flight, 
and thermal environment. The subjective parameters to be considered include passenger and flight attendant comfort 
during flight, health status at the beginning and during flights, and indicators of susceptibility. The design must consider 
the testing protocols and methodology developed for ASHRAE 957-RP and 959-RP. The design should evaluate other 
relevant past and ongoing research with the aim of developing standardized methodologies. 

SCOPE 

The proposed research includes two major parts. A contractor for Part 1 will be selected first. Upon completion of Part !, 
proposals will be solicited for selecting a contractor for Pan 2. 


Part !. Literature Review. Protocol Development and Pilot Test 
1 Literature Search on Contaminants and Other Factors 


The contractor will perform a literature search to identify possible causal factors present in the air in aircraft cabins as 
well as factors present in aircraft but not related to air quality. The following should be included as sources for the 
literature search and review: 

h National Research Council Report: ‘ The airliner cabin environment and th e health of passengers and crew’-f 20021- 
a-b Peer-reviewed literature, including but not limited to scientific and technical journals; 

kc. FAA Aviation Medical reports. Aerospace Medical Association reports, and reports from other relevant government 
organizations or professional associations; 

erd. Flight attendant studies conducted by airlines, flight attendant unions and independent researchers. 
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Research reports published or issued by different organizations; and 
e'-f. The literature search and bibliography listing developed for ASHRAE 957-RP. 

A partial list of relevant references is also included at the end of this work statement. 

The contractor will review contaminants present in the cabin and bleed air, develop a list of such contaminants, and 
review associated guidelines such as NAAQ5 and other public and occupational health standards and guidelines. The 
contractor will review and assess the impact of cabin environment factors such as cabin air quality, altitude, low 
humidity, turbulence, three-dimensional motion, seat comfort, continuous noise, vibration, cabin temperature, air 
velocity, and odors on comfort and acute health effects of passengers and flight attendants. In addition, factors impacting 
passengers such as health status, age, anxiety, stress, and work demands immediately prior to and following the flight 
should be included in the review. The flight attendant work-related factors to be considered include duty schedule, sleep 
disruption, work-scheduie variability, multiple short-haul flights, long-haul flights across time zones, and other related 
factors. The review nf ihe cabin environment, pa.ssencer. and fiialit attendant work related factor-' will primarily be from a 
perspective of considering relevant factors in the design of the study. This review should also be used in developing 
appropriate questions for the flight attendant and passenger questionnaires. The contractor will identify characteristics of 
high-risk group individuals, who may be at an increased health risk due to their pre-flight condition and exposure to the 
above cabin environment factors. 

A Ithomih ,1 broad based literature review is necessary for this project, the contractor shall ensure that the extent of the 
effort, for literaiure review does not exceed about 20% of the phase i project effort. 

II. Measurement Protocol, Pilot Testing, and Standardizauon 

Following the completion of literature review, the principal investigator shall provide to the Project Monitoring 
Committee (PMC) an overall design of the study . A primary component of the overall desian will he a well-thought 
through experimental Jesien (design of experiment') of ihe study. Such experimental design for the studv will evaluate 
different approaches for obtaining data that provide a maximum clarity and a degree of statistical validity in meeting the 
project objectives. Because of nraciical limitations on sample size, it is recognized that simple randomized design may 
not provide a sufficient basis for meeting the objectives. Further, the ricsiun would consider how certain variables could 
be controlled so that other variables of interest can be examined in more detail. . includ i ng 

The overall design will also include methodology for selection of the flights and/or aircraft, identification of 
contaminants generated by aircraft equipment and operations and other factors to be monitored, and a general approach 
for the study including the type of questionnaire data to be collected. Upon review of the design by the PMC, the 
principal investigator shall provide the PMC a detailed protocol for air quality monitoring including details on test 
equipment package, questionnaires for passengers and flight attendants and logistics. A quality assurance plan will be a 
part of this protocol. The test protocol should also include equipment correction factors due to the reduced air pressure. 

The PMC will review and approve this protocol package prior to the start of testing. The principal investigator may be 
directed to make adjustments to the above submissions. 

Monitoring of air quality parameters will be conducted with passengers on board when the airplane is on the ground and 
during cruise. If allowed by airlines, monitoring may be conducted before passengers board, since the cabin and flight 
crew may be exposed to possible fumes from cleaning and maintenance - and such monitoring may also provide a useful 
background value prior to boarding by passengers. Measurements of bleed and cabin air quality will include: carbon 
dioxide, carbon monoxide, individual volatile and semivolatile organic compounds, ozone, cabin pressure, humidity, and 
respirable suspended particulate levels. In addition to carbon dioxide, levels of bioeffluems such as ethanol and acetone 
shall he quantified. Measurements of partial pressure of oxygen and air temperature in the cabin will be included. In 
parallel, an attempt should be made to measure blood oxygen saturation of cabin crew. Measurements of temperature and 
air velocity should include some multi-point measurements, especially on long-duration flights, to indicate temperature 
and velocity profile in the cabin. Measurements of turbulence, 3-D motion, noise, lighting, ventilation effectiveness, and 
Other such factors as well as concentrations of biological agents (aeroallergens and toxins) in the cabin air and settled 
dust should be considered. Previous ASHRAE cabin/bieed air quality and the EU Cabinair studies should be reviewed. 
Ventilation rates shall he determined bv utilizing carbon dioxide measuremen t s. Equilibrium carbon dioxide levels 
should be reached within 11) minutes of steady state conditions. ASTM D6399 Standard Guide [or Selecting Instruments 
and Methods for Measuring Air Quality in Aircraft Cabins should be used as a basis for the selection O' equipment and 
methods to be used in this research. 

In-flight data must be obtained with the same equipment as the ground-based data with adequate calibration and 
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certification. Provision must be made for the equipment to be calibrated for the monitoring environment - both at ground 
level and at high altitude. 



To the extent feasible, air quality monitoring should be performed innocuously so as not to influence occupant answers to 
the questionnaire. In the past, in-flight comfort questionnaires have been developed which are designed to specifically 
look at cabin air quality and other factors which can affect passenger and crew comfort and health related symptoms. 
ASHRAE research project 957-RP and EU Cabinair have developed questionnaires specifically for use on airplanes. 
Comfort questionnaires have also been developed for use in buildings, It is recommended that existing questionnaires 
designed for use on airplanes be used as an initial outline for questionnaires to be developed for this project. Recently 
developed airplane questionnaires can be obtained through the ASHRAE TC 9.3 Aviation Research subcommittee. The 
chair of the subcommittee is Karin .Arnold, phone (|905) 608-6000 ext. 2804, who will coordinate review and 
acceptability of the questionnaires with participating airlines. 


ASHRAE Research has solicited help from airlines and others to support this research effort. Contacts are available from 
theTC 9.3 Aviation Research subcommittee chair. Working with the selected contractor, it will be the responsibility of 
the PMC Cha i r [nam e to b e- a t ki e d] to persuade and enroll the airlines and to obtain the needed flexibility to select aircraft | 
and flights and to conduct monitortng. The contractor’s responsibility will be to continue to work out study procedures 
with the enrolled airlines and to gain their cooperation for conducting the study. Authorization to conduct research will be 
coordinated, as necessary, by the TC 9.3 Transportation Committee chair and the PMC chair with the Federal Aviation 
Administration and participating airlines. The chair of TC 9.3 is David Space, phone 425-294-3166. 

The contractor will obtain EMI certification for carrying equipment on revenue aircraft. The contractor will work with 
the selected airlines and FAA representatives to obtain permission to carry scientific equipment on the flight, including 
batteries, laboratory supplies, and small tools. The Research Committee or Transportation Committee chair will facilitate 
obtaining such approvals. The contractor will also work out with the designated airline representatives all logistical 
details, including procedures for the administration of questionnaires to passengers and flight attendants, obtaining in¬ 
flight data from the cockpit crew, and the installation of equipment in the cabin. 

The contractor must provide to the PMC the overall design and detailed draft protocol for review and approval. 

Concurrently, the protocol should be submitted to ASTM committee D22 for initial review of the measurement 
methodology. Care should be taken to elicit comments from the ASTM committee without causing a delay (i.e., over 6 
weeks) to the project. In all cases, the PMC will have the final say in approving the design and protocol. Following the 
approval of such a protocol, the contractor will test the protocol on four to six flights. These flights should be at least 
three hours in duration. A minimum of two different types of aircraft will be included in the pilot test. Consistent with the 
approved protocol, the pilot testing should include comprehensive data collection for all selected factors and parameters. 

During monitoring, the contractor must note whether the airplane has recirculation filters and ozone converters, and 
record relevant part numbers and service and operational information for both. Contrac tor will seek data on engine od 
and hvdraulic Fluid consumption from airline. In addition, the airplane engines and auxiliary power unit total operating 
hours shall be recorded along with the time since last maintenance. The PMC-chwf will facilitate procedures for 
gathering this information from participating airlines. The contractor must also note pack operation, the airplane 
configuration and items that could affect cabin air quality, e.g., air conditioning packs turned off for a no pack take-off or 
a recirculation fan turned off. This information will need to be obtained direcdy from the airplane flight crew. 

At the conclusion of the pilot test, the contractor will prepare a report for Part 1 that will address: (1) comprehensiveness 
and appropriateness of the protocol in light of the project objectives; (2) details on selection of flights; (3) detailed 
procedures, including calibration procedures, used in collection of the data and recommended improvements, (4) the 
quality of questionnaire responses, response rales and recommendations on improvements; (5) list of parameters to be 
included in the Pan 2 study; (6) adaptation of the procedures developed for aircraft included in the pilot study to other 
types of aircraft; and (7) comments and recommendations on logistical and related matters to streamline the data 
collection process. The report will also include a detailed protocol for Pan 2. The draft Pan 1 report will be submitted to 
PMC for review and approval. 

Following the revision and approval of the Part 1 report by the PMC, the contractor shall initiate the process of 
standardization of the protocol through the ASTM committee. During the consensus development process, the contractor 
should provide practical insights into the methodology based on the field experience. The PMC must be tied in directly < 

with the research and standardization, being kept up to date with all major activities and receiving copies of all 1 

correspondence. 
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Part 2. Sample Selection. Monitoring. Analysis, and Final Report 
III. On-Ground and In-Fight Monitoring 

The protocol and procedures developed in Part 1 shall be the basis for conducting on-ground and in-flight monitoring . 
under Part 2. Based on Part 1 protocol, a monitoring and quality assurance plan shall be developed for Part 2 by the 
contractor selected for Part 2 for review by the PMC. The standardization activities initiated in Part 1 will be continued 
by the Part 2 contractor. 

Air quality monitoring shall be conducted on different models of commercial jet airplanes representing a large section of 
the world fleet. The airplanes shall be selected from three different airlines and include a minimum of xxx' flights total, 
flight selection shall consider aircraft type, operatins hours on engines, and flight routes to provide a representative 
cross-section of airplane types and routes flown. Additional factors to be considered in selecting flights include: 

Type of air conditioning systems (ECS) and APUs; 

Type and quality of ground service air supplied to the aircraft (portable, remote, none, fdter air/unfiltered) 
(whether customization was performed after initial delivery from manufacturer); 

Type of fueling and service equipment used; 

Cleaning procedures, both inside and outside; 

Age of aircraft; and 
Age of service equipment. 

Research will be performed using a variety of aircraft taking off from multiple airports and revenue flights in a variety of 
operating modes. The flights shall include domestic and international flights, ft is recognized, however, that one of the 
main criteria for the selection of carriers will be their readiness to agree to in-flight monitoring as well as to administering 
questionnaires to their passengers and/or crew. For this purpose a waiver will be prepared that can be signed by the 
participating airline, waiving potential liabilities through research findings and clarification of ASHRAE's fundamental 
principles that include anonymity. 

Measurements of bleed and cabin air quality are to include; carbon dioxide, carbon monoxide, volatile and semivolatile 
organic compounds, ozone, cabin pressure, humidity, and respirable suspended particulate levels. Measurements of 
partial pressure of oxygen and air temperature in the cabin will be included. Measurements of temperature and air 
velocity should include some multi-point measurements, especially on long-duration flights, to indicate temperature and 
velocity profiles in the cabin. Measurements of turbulence, 3-D motion, noise, lighting, ventilation effectiveness, and 
other such factors should be considered, at least on a fraction of the total flights. Also, on a limited number of flights 
biological agents, such as aeroallergens and endotoxins, in the cabin air and in settled dust will be measured. 

As stated earlier, ASHRAE Research has solicited help from airlines and others to support this research effort. Contacts 
are available from the TC 9.3 Aviation Research subcommittee chair. Working with the selected contractor, it will be the 
responsibility of the PMC chair to persuade and enroll the airlines and to obtain the needed flexibility to select aircraft 
and flights and to conduct monitoring. The contractor's responsibility will be to continue to work out study procedures 
with the enrolled airlines and to gain their cooperation for conducting the study. 

[V, Analysis of Results and Final Report 

1. Assess the quality of data collected and demonstrate adherence to quality assurance plan, 

2. Generate and assess a list of contaminants based on this and previous research and identify potential sources of such 
contaminants. Health guidelines and standards, such as NAAQS, and SMACs, will be compiled for these contaminants 
by reviewing and assessing appropriate databases. In addition, contaminants with a high frequency of occurrence and 
concentration but not reflected in the above-mentioned documents would be investigated for generation of irritation, 
odors or other reactions. 


1 The minimum number of flights to be included will depend on the availability of research funds and will be specified in 
the solicitation for Part 2 to be released by ASHRAE in the future. 
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-- Assess the impact of factors such as aircraft type and age, engine type and age. ground conditions and operations, and J 

cleaning procedures on bleed/cabin air quality. Examine measured contaminant levels in relation to existing guidelines /T--. 

and standards, and appropriateness of such guidelines to the cabin environment. ? 

3. Examine relationships of perceptions and symptoms reported through questionnaires to contaminant concentrations 
and other objective measurements of the cabin environment, as well as occupant characteristics such as age and health 
status. Examine relationships of work related factors of flight attendants including duty schedules, work variability, sleep 
quality, etfect of working multiple flights and flights crossing multiple time zones and other influencing factors. Consider 
separate subgroups such as passengers versus flight attendants, or subsets of either group with differing risks or 
sensitivities, in examining these relationships. 

4. Provide conclusions in terms of pinpointing problems and their potential sources based on the understanding gained 
from this research project and in light of the prior research. 

The final report shall describe in detail the methods used, shall summarize the data collected, and shall convey the results 
of the above analysis areas. The overall results of the research project should be presented in a.clear and comprehensive 
document which: 1) discusses in detail the possible effects of cabin air constituents and other environmental and work 
related factors on health and comfort and, to the extent possible, the combined effects, taking into account real-life 
exposure levels; 2) distinguishes factors present in cabin air from factors present in aircraft but not related to air qualitv; 

3) identifies possible factors encountered by occupants during flight and distinguishes them from factors encountered 
prior to flight; 4) identifies measured contaminants during flight versus ground operation; and 5) includes an evaluation 
of the measured contaminants, identifies human sensitivities (medical and olfactory). The final report must include a copy 
of the protocol and the status of its standardization. 

The final report must provide recommendations for areas of future research and/or investigations. If the research results 
indicate that additional data gathering should be conducted, recommendations on the future study's test protocol must be 
given. The final report will be submitted for review to the PMC, which will include a representative from Aerospace 
Medical Association's (AsMA) Air Transport Medicine committee. 

DELIVERABLES 


a. For Part 1. the contractor will submit to the PMC for their review and approval an overall design within two months 
from the initiation of the Pan 1 efforts. A report detailing the literature review and the protocol describing plans, 
procedures and test equipment will be submitted to the PMC four months into the project for review and approval. 

The Project Monitoring Committee must receive copies of all correspondence dealing with this project. For Part 2, 
detailed plans for collection of data including flight selection and quality assurance shall be submitted two months 
into the Part 2 project for review and approval. 

b. Progress and Financial Reports in quadruplicate shall be made to the Society through its Manager of Research 
(MOR) at quarterly intervals; specifically on or before each January 1, April 1, June 10 and October 1 of the contract 
period. A copy of each progress report shall also be given to the TC 9.3 Aviation Research subcommittee at the 
same time tt ts given to the MOR. 

c. A Final Report for each Part shall be prepared and submitted to the Society by the end of the contract period 
covering complete details of ail research carried out on the project. Unless otherwise specified, six draft copies of 
the final report shall be furnished for review by the Project Monitoring Committee. 

Following approval by the Project Monitoring Committee and the TC, final copies of the tinal reports will be 
furnished as follows: 

Four bound copies; 

One unbound copy, primed on one side only, suitable for reproduction; 

- Two copies on CD(S); one in ASCII format and one in the word processing format used to produce the report. 
Collected data. 

In addition, paper and electronic copies of the final reports along with a complete data set of all data collected 
(including questionnaire data) must also be submitted to organizations, which have contributed funds for this 
research. A list of such organizations will be available from ASHRAE Manager of Research. ^ 

d. One or more Technical Paper(s) shall be prepared in a form suitable for presentation at a technical review meeting. 
Upon approval by the technical committee, the presentation shall be made ready for a Society meeting. The Paper(s) 
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shall conform 10 the Society's ’Submitting Manuscripts for ASHRAE Transactions" which may be obtained from the 
Special Publications Section. 

e - X Technica l Article suitable for publication in the ASHRAE JOURNAL, may be requested by the Society. This is 
considered a voluntary submission and not a deliverable, 

LEVEL OF EFFORT 

ASHRAE invites technical and cost proposals for Part 1. Nate that this solicitation is for Part i only. Upon completion 
of the Pan 1 effort. ASHRAE anticipates inviting proposals for Pan 2 from the Part I contractor as well as two other 
organizations whose proposals for Part 1 were ranked high. The request for proposal for Pan 2 is contingent upon 
availability of research funds and approval of ASHRAE Board of Directors. 

The level of effort for Part 1 is anticipated to be at least 1.25 person-years, with the total project completed within 9 
months of the initiation of work. The maximum funds allocated tor Part 1 efforts are $175,000. The funding for Part 2 is 
anticipated to be in excess of $400,000. 

EVALUATION CRITERIA TO DE USED BY THE PMC 

In evaluating a proposal, the Project Monitoring Committee will first determine whether the stipulations for an acceptable 
proposal that are listed in the above statement of work have been met. In comparing proposals in which they are met, the 
committee will evaluate each proposal with respect to the following; 

1) The proposer’s approach and study design in meeting the project objectives. How the Study builds on previous work 
and how it considers and address the risk of not meeting subobjectives. 

2) Th e r e l e vanc e , l e n g th. - and hr e uJth of staff e xp e ri e nc e . Demonstrated experience in areas of monitoring of air quality , 
■ ~ . Hit h‘-des ig ft -desii;n of experiments , statistical and related analysis of data including health outcomes. Required 
backgrounds include air quality monitoring, biostatistics, environmental epidemiology, instrumentation and 
measurement methods, health and medical sciences, standardization, and toxicology. 

3) Demonstration of an understanding of the types of exposure and outcome (symptom) relationships to be assessed and 
provide justification for the types and numbers of flights necessary to satisfy the study objectives. 

4) Ability to provide dear, comprehensive, scientifically defensible, and timely reports and publication of journal 
articles. 


APPENDIX - A PARTIAL LIST OF RELEVANT REFERENCES 


1. 14 CFR 25, Code of Federal Regulations. Airworthiness Standards, Title 14, §25, Washington, DC. 1998. 

2. Akerstedt, T., "A Review of Sleep/Wake Disturbances in Connection with Displaced Work Hours in Flight 
Operations.” Stress Research Reports. May 1989. 

3. Alter, J. D. and Mohler, S. R.. “Preventive Medicine Aspects and Health Promotion Programs for Flight Attendants. " 
Aviation, Space, and Environmental Medicine, February 1980. 

4. ASHRAE, Research Plan; Proposed Research in Airplane Cabin Environment Air Quality. Prepared by ASHRAE 
TC 9 3 Aviation Research Subcommittee, Atlanta, GA, 1999. 

5. ASHRAE Standard 55-1992. Thermal Environmental Conditions for Human Occupancy. American Society of 
Healing, Refrigerating, and Air-Conditioning Engineers, Atlanta, GA. 

6. ASHRAE Standard 62-1989, Ventilation for Acceptable Indoor Air Quality .American Society of Heating, 

Refrigerating, and Air-Conditioning Engineers, Atlanta. GA. 

7. Balouet. J. C. and C. Winder. ‘'Airborne Chemicals in Aircraft Cabins.” Presentation to Aerospace Medical 
Association, Air Transport Medicine Symposium, Houston, May 7, 2001). 

wtS. Barnes, R. M., “Physical Energy Expenditure in Long Haul Cabin Crew,” Revue de Medicine Aeronautique et 
Spatiale No. 46, 1973. 

ft-,9. Berelund. L. G., “Comfort and Humidity," ASHRAE Journal, August 1998. 

q. It), Berg-Munch, B., Clausen, G. and Fanger, P., “Ventilation Requirements for Control of Body Odor in Spaces 
Occupied by Women,” Environment International 12; pp. 195-199, 1986. 

9Qrl 1. Boeing Document D-18328-1, “Year by Year; 75 Years of Boeing History, 1916-1991," Boeing Historical | 

Archives. Seattle, WA, November 1991. 

44t 12. Boeins Pamphlet, 'Travel Tips for Improved Passenger Comfort.” Customer Services Division, 1 

Communications Department, Seattle, WA, November 1994. , 

Page 7 of 24 | 


PM3006450857 


Source: https://www.industrydocuments.ucsf.edu/docs/gyxj0001 




t-u 1 

Auachment 3 


-32-13. Broner, N.. "Low Frequency and infrasonic Noise in Transportation." Applied Acoustics Q t) 1978. 

43- 13 Cain. W. S,. et al.. "Ventilation Requirements in Buildings— I. Control of Occupancy Odor and Tobacco 

Smoke Odor." Atmospheric Environment Vol. 17. No.6: pp. 1 183-1197. 1983. 

44- 15. Centers for Disease Control, "Exposure of Passengers and Flight Crew to Mycobacterium Tuberculosis on 

Commercial Aircraft. 1992 - 1995," Morbidity and Mortality Weekly Report, Vol. 44/No. 8. March 1995. 

45- 16 Cone. J. E.. "Cabin Air Casualties: A Flight Attendant Health Survey,” SFGH Occupational Health Clinic, 1985, 

44317. Consumers Union. "Breathing On A Jet Plane," Consumer Repons, Vol. 59, No. 8. pp. 501-506, 1994. 

4-3US. Cottrell. J. J., et al.. “Inflight Arterial Saturation: Continuous Monitoring by Pulse Oximetry," Aviation, Space, 
and Environmental Medicine, February 1995. 

4-Ar19. CSS. “Relate Air Quality and Other Factors to Symptoms Reported by Passengers and Crew on Commercial 
Transport Category Aircraft,” Final Report on ASHRAE Research Project 957-RP, Prepared by Consolidated Safety 
Services for the American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Atlanta, GA; also 
“Cabin Air Quality on Commercial Aircraft," published in ASHRAE Journal, September 1999. 

J-9-20. CSS. "Airline Cabin Air Quality Study," Prepared by Consolidated Safety Services for the Air Transport 
Association of America, Washington, DC. 1994. 

24321. Dechow. M., "Measurement Results of Selected Contaminants within Cabin Air of Airbus Aircraft,” 
Predevelopment Air Systems, Daimler-Benz Aerospace Airbus GmbH, Hamburg, Germany, 1996. 

2- 422. Dement. W. C„ Graeber, R. C„ Lauber, J. K„ et al., "Sleep and Wakefulness in International Aircrews," 

Aviation, Space, and Environmental Medicine, Vol 57, No. 12, Section II, December 1986. 

2=r23. Driver. C. R„ et al., 'Transmission of Mycobacterium Tuberculosis Associated with Air Travel," JAMA, Vol 
272, No. 13., October 1994. 

23-24. Edwards. M.. “Occupational Stress in the Aircraft Cabin," Flight Safety Foundation: Cabin Crew Safety, 
SeptemberfOctober 1991. 

3- 325. Eng W. G,, "Survey on Eye Comfort in Aircraft: 1. Flight Attendants," Aviation, Space, and Environmental 

Medicine. 50(4): pp. 401-404, 1979. 

35t 26. Enke. P., et al„ “Gastrointestinal Problems in Airline Crew Members," Z Gastoenterol, 33: pp. 513-516, 1995. 
34327. Emelina. L., Orring, R„ Joachimsson, A., "SAS Occupational Health and Safety: Cabin Attendants’ Working 
Environment Study 1988." Stockholm 1988. 

23328. Gaiipault. J., Report No. 80-2., "A Study of Airline Flight Attendant Sleepiness, Fatigue and Stress,” The 
Aviation Safety Institute, Worthington. OH. September 15, 1980. 

24329. Gander. P. H. et al„ "Age, Circadian Rhythms, and Sleep Loss in Flight Crews," Aviation, Space, and 
Environmental Medicine, 64, No. 3, Sec. 1, 1993. 

29-30, Graeber, C. R., and Kryger, M. H., ed. “Jet Lag and Sleep Disruption. Principles and Practice of Sleep 
Medicine," New York: W.B. Sanders, 1989. 

3433 1. Green, R., “British Airways - Study into the Effects of Super Long Haul Flight on Cabin Crew,' 1AM Report 
No. 665, 1992. 

34-32. Harma, M. et al., “The Effect of Fcur-Day Round Trip Flights Over 10 Time Zones on the Circadian Variation 
of Salivary Melatonin and Cortisol in Airline Flight Attendants," Ergonomics, Vol. 37, No. 9, pp. 1479-1489, 1993. 

32- 33. Haugli. L.. Skogstad, A., and Hellesoy, O.. "Health, Sleep, and Mood Perceptions Repotted by Airline Crews 

Flying Short and Long Hauls," Aviation, Space, and Environmental Medicine, January 1994. 

33- 34/ Hunt E. H. and Space, D. R„ “The Airplane Cabin Environment; Issues Pertaining to Flight Attendant 

Comfort," Presented at the International In-flight Service Management Organization Conference, Montreal, Canada, 
November 1994, 

34- 35. Hunt. E. H., et al„ “Commercial Airliner Environmental Control System: Engineering Aspects of Cabin Air 

Quality," Presented at the Aerospace Medical Association (AsMA) Annual Meeting, Anaheim, CA. May 1995. 
AsMA, Alexandria. VA. 

us-jf-i, Kraus, J. F„ “Epidemiological Studies of Health Effects in Commercial Pilots and Flight Attendants: A 

Review," Division of Epidemiology, School of Public Health, University of California, Los Angeles, CA, U.S.A. 
1985. 

34-37. Leaderer, B., and Cain, W.. “Air Quality in Buildings During Smoking and Nonsmoking Occupancy," 
ASHRAETransaccions 89. Part 2B: pp. 601-613, 1983. 

33t 38. Levin, H„ “Budding Materials. And Indoor Air Quality," Occupational Medicine: State of the Arts Reviews. 4, 
no. 4, Oct. — Nov. 1989. , >t 

4^39, Li, Z. and Nagda, N, L„ “Passenger and Flight Attendant Thermal Comfort in Aircraft Cabins: A Review," 
Prepared Under Boeing P.O. B281699. Boeing Cabin Environment Program, 1998. 

34340. Marrison, C. and Muir, H., "Cabin Staffs Perception of the Impact of Flying on Their Physical Health," 
Aviation Medicine Quarterly, 2, pp. 11-17, 1988- 

44341. Menzies. R., et al., “The Effect of Varying'Lcvels of Outdoor Air Supply on the Symptoms of Sick Building 
Syndrome,” The New England Journal of Medicine, March 1993. 




Page 8 of 94 I 


PM3006450858 

Source: https://www.industrydocuments.ucsf.edu/docs/gyxj0001 





,-VUaclufcuiM 5 


—Magda, N. L. and Hodgson M.D., "Low Relative Humiditv and Aircraft Cabin Air Quality," Indoor Air. Vol 
11. 3. pp. 200-214, 2001. 

iizli—Nasda. N.L.. et al.. Determine Aircraft Supply Air Contaminants in the Engine Bleed Air Supply System on | 
Commercial Aircraft, ASHRAE Research Project 959-RP. American Society for Heating, Refrigerating, and Air- 
Conditioning Engineers Atlanta, GA. March 2001. 

AA—14. Magda. N, L., et a!„ "Aircraft Cabin Air Quality: A Critical Review of Past Monitoring Studies." Air Quality | 
and Comfort in Airliner Cabins, ASTM STP ! 393, N. L. Nagda, Ed.. American Society for Testing and Materials, 

West Conshohocken, PA. 2000. 

4t-i.v Magda. N, L., et al., "Airliner Cabin Environment: Contaminant Measurements. Health Risks, and Mitigation | 
Options. ’ DOT-P-15-89-5, U.S. Department of Transportation, Office of the Secretary, Washington DC, 1989. 

4- AA6. Mational Research Council, "The Airliner Cabin Environment: Air Quality and Safety." National Academy 

Press, Washington D C., 1986 and an NRC/NAS report on Cabin Air Quality to be published in late 2001. 

-H>-47 Oborne. D. J., "Vibration and Passenger Comfort," Applied Ergonomics, June 1977. ! 

a*—LL O'Donnell. A.. Giovanna. D., and Nsuyen, V. H., "Air Quality, Ventilation, Temperature and Humidity in j 

Aircraft,” ASHRAE Journal. April, pp. 42-46, 1991. 

44A49. Oldaker, G. B. and Conrad, F. C.. "Estimation of Effects of Environmental Tobacco Smoke on Air Quality | 

within Passenger Cabins of Commercial Aircraft," Environmental Science and Technology, VqI. 21, pp. 994-999, 

1987. 

-UA50. Parker. J, F. and West, V. R. ; NASA-SP-3006. Bioastronautics data book. 2nd ed. 1973. 

5R-5), Rankin. W. L„ Space, D. R., and Magda. N. L., “Passenger Comfort and the Effects of Air Quality," Air Quality 
and Comfort in Airliner Cabins, ASTM STP 1393, N. L. Nagda. Ed., American Society for Testing and Materials, 

West Conshohocken, PA, 2000. 

52. Ravmtin, R. B.. 'Smokc/Fumes in the Cockpit.'' Aviation, Snace. and Environmental Medicine Vol, 54, No. 8, on 
738-740, 1983. 

5- H53. Ravman. R. B., "Passenger Safety, Health, and Comfort: A Review,” Aviation, Space, and Environmental 

Medicine Vo!. 68. No. 5, May 1997. 

5-A54. Sahiar, F. and Mohler. S. R., “Economv Class Syndrome," Aviation. Space, and Environmental Medicine, 

October 1994. 

jj-55 Smolenskv. E. L„ Mott, and Colligan, M„ “A Health Profile of American Flight Attendants (FA)," J. Human 
Ergol., 11, Supply pp. 103-119, 1982. 

54,56. Space. D. R„ et al.. The Airplane Cabin Environment: Past, Present and Future Research,” Air Quality and 
Comfort in Airliner Cabins, ASTM STP 1393. N. L. Nagda, Ed., American Society of Testing and Materials, West 
Conshohocken, PA, 2000. 

55-07. Spender, J. D., et al,, "Environmental Survey on Aircraft and Ground-based Commercial Transportation | 

Vehicles,” Harvard School of Public Health, Harvard University, Cambridge, MA. 1997. 

Suvanto, S. et al.. "Effects of 5Oh Time Zone Changes on Female Flight Attendants' Circadian Rhythms of Body | 
Temperature, Alertness, and Visual Search," Ergonomics, Vol. 36, No. 6, pp. 613-625, 1993. 

57o9. Tashkin. D. P. et al., "Respiratory Symptoms of Flight Attendants During High-Altitude Flight: Possible i 

Relation to Cabin Ozone Exposure,” Int, Arch. Occup. Environ. Health. 52: pp. 117-137, 1983. 

58-60. Thibeauit. C„ "Special Committee Report on Cabin Air Quality," Aerospace Medical Association, Alexandria, | 
VA. January 1997. 

4Q-61. U.5. Bureau of the Census. 1955, 1992, 1995. Statistical Abstract of U.S. Department of Commerce. Social and | 

Economics Statistics Administration, Washington, DC. 

62. Van Nerten. C. et al., “Comparison of the Consntuents of Two Jet Engine Lubricating Oils and ~I heir V olatde 
Pvruhtic Devriidatiun Producls.” Appl. Ocaip. Environmen t al Hygiene. ’Vol. io. 3. pc 2 <7-283. 2ritX). 

60-63. Vieillefond. H.. Fourn, P, and Auffret, R„ "Characteristics in the Atmosphere of Long-Range Transport Aircraft 
Cabins,” Aviation, Space, and Environmental Medicine, June 1977. 

(4t 64. Vogt, C„ “97% of Rights to and from U.S. Are Now Smoke-Free,” EQ Strategies, Vol. 12, No. 6, pp. 15, June | 
1999. , 

62-65. West. J- B., "Respiratory Physiology - The Essentials,” 5th ed. Williams & Wilkins, 1994. 

62466. Wick. R. L. and Irvine, L. A., "The Microbiological Composition of Airliner Cabin Air,” Aviation, Space, and | 
Environmental Medicine, Vol 66, pp. 220-224.1995. 


Page 9 of 2+ | 


PM3006450859 


Source: https://www.industrydocuments.ucsf.edu/docs/gyxj0001 





Attachment 5 




PM3006450860 

Source: https://www.industrydocuments.ucsf.edu/docs/gyxj0001 




